METHODS

Population
CHAP participants are from a geographically defined population of 3 contiguous neighborhoods on the south side of Chicago. A complete census of the community from 1993 to 1997 identified 8501 persons aged 65 years and older, of whom 249 moved and 439 died before participation could be obtained. Of the remaining 7813 persons, 6158 (78.8%) participated in 90-minute interviews that included questions about health and lifestyle and the administration of 4 cognitive tests. [25] [26] [27] [28] Following the interview, 1056 were selected in a stratified random sample, and 729 underwent a full clinical evaluation for prevalent AD. This phase of the study identified a diseasefree cohort of 3838 persons by either direct clinical evaluation (n = 469) or good performance on the cognitive tests [25] [26] [27] at the baseline population interview (n=3369).
An average 3.2 years after baseline, 4983 of the entire cohort had survived, and follow-up interviews were conducted with 4320 study participants, or 86.7%. A second stratified random sample was then selected from the disease-free cohort for clinical evaluation of incident AD. Participants were randomly sampled with different probabilities of selection (range, 0.05-1.00) from within 94 strata defined by age, sex, race, and change in performance on the cognitive tests from baseline to follow-up interviews (no decline, moderate decline, and substantial decline). The sample design allowed for efficient identification of AD cases and a representative sample of the diseasefree cohort (TABLE 1). Of 1249 persons selected, 109 died before the clinical evaluation could be secured, and 298 refused; 842 were clinically evaluated for incident AD (73.9% of survivors). Of these, 815 sample participants had complete data for these analyses. The institutional review board of RushPresbyterian-St Luke's Medical Center approved the study, and all participants (or legal guardians) gave written consent. More detailed descriptions of the population interviews 29 and clinical evaluations 30 have been published.
Dietary Assessments
Study participants completed a selfadministered food frequency questionnaire a mean of 1.7 years from the baseline, or a mean of 2.3 years (SD, 2.0; range, 0-5.7 years) before the clinical evaluations for incident disease. The CHAP food frequency questionnaire, a modified version of the Harvard food frequency questionnaire, 31, 32 was used to measure usual intake of 139 food items throughout the previous year, as well as the use of vitamin supplements. Nutrient intakes were computed by multiplying the nutrient contents of food items by frequency of consumption and summing across all items. Nutrient levels were adjusted for total energy intake separately for men and women by using the regression residual method. 33 In a validation study of 232 randomly selected CHAP participants, correlations between total intake of the antioxidant nutrients as assessed by the food frequency questionnaire and repeated 24-hour dietary recalls collected throughout 1 year were 0.67 for vitamin E (0.41 excluding supplements) and 0.60 for vitamin C (0.46 excluding supplements). In linear regression models adjusted for age, sex, race, total energy intake, and total plasma cholesterol and triglyceride levels for 56 of these participants, the partial correlation between plasma beta carotene and intake was 0.43; that between plasma ␣-tocopherol and total vitamin E intake, 0.63.
Clinical Evaluation for Diagnosis of AD
The 2 1 ⁄2-hour clinical evaluations were conducted in participants' homes by a team consisting of a neurologist, nurse practitioner, and neuropsychological technician. The evaluations included a medical history, a structured neurological examination, neuropsychological testing (using the tests of Consortium Established for Research on Alzheimer's Disease, CERAD 34 ), informant interviews, and laboratory testing. Magnetic resonance imaging (MRI) was performed when dementia was evident and stroke occurrence was clinically uncertain (9 persons). A board-certified neurologist blinded to the dietary as- *Data on the disease-free cohort are provided for all persons identified as free of Alzheimer disease at the baseline phase of the study (n = 3838) and for the subset of persons in this group (n = 2948) who were alive at follow-up and participated in the follow-up interview (the sampling frame 35 except that we did not exclude as cases persons who met the criteria but had another coexisting condition that was thought to contribute to dementia. Eleven persons with incident dementia caused by a condition other than AD were analyzed as noncases.
Covariates
Sex and race were reported as part of the census and verified at the population interview. Race questions and categories were those used by the 1990 US census. Age was computed from self-reported birth date and date of the population interview. All nondietary variables except clinical stroke were obtained at the baseline population interview that included interviewer inspection of all medications taken within the previous 2 weeks. Level of education was computed from self-reported highest grade or years of formal education. Current smoking was based on the question, "Do you smoke cigarettes now?" History of diabetes was defined as use of antidiabetic medication or participant report of clinically diagnosed diabetes, sugar in the urine, or high blood glucose level. History of hypertension was defined as antihypertensive medication use or participant report of high blood pressure. Heart disease was defined as self-reported history of myocardial infarction, use of digitalis, or evidence of angina pectoris according to participant responses to a standardized questionnaire. 36 History of stroke was defined as probable or possible stroke as diagnosed at the clinical evaluation by a neurologist on the basis of a uniform structured examination, a medical history, and MRI diagnostic testing. Apolipoprotein E (APOE) genotype was determined from blood samples according to a process developed by Hixson and Vernier. 
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Statistical Analysis
We examined whether intake of the antioxidant nutrients was associated with incident AD in SAS logistic regression models (version 8; SAS Institute Inc, Cary, NC) that generated odds ratios as estimates of relative risks (RRs). Estimation of all model parameters and other statistics (eg, means and percentages) were based on data weighted by the inverse of the sampling probability to adjust for the stratified random sample design. Variance estimates for model parameters from this complex design were computed by jackknife repeated replication. 38, 39 Intakes of antioxidant nutrients were modeled in quintiles. We first analyzed the associations in models adjusted for age and then for other important risk factors in a multivariable model that included terms for age (years), sex, race, education (years), APOE ⑀4 status (at least 1 allele vs none), and period of observation (number of years from determination of disease-free status to clinical evaluation for incident disease). We examined other potential confounders in separate multivariable models that simultaneously controlled for intake of other antioxidant nutrients (total intake of vitamin E, vitamin C, beta carotene, and vitamin A), for different types of fat (polyunsaturated, saturated, and monounsaturated), or for conditions related to cardiovascular disease (smoking, diabetes, hypertension, heart disease, and clinical stroke). Dietary covariates were modeled as continuous log-transformed variables. Examination of confounding with the dietary components modeled in quintiles produced similar results in age-adjusted models. Effect modification by age (Ͻ80 years vs Ն80 years), race, sex, education (Ͻ12 years vs Ն12 years), and APOE ⑀4 status (at least 1 allele vs none) was examined in separate ageadjusted models that included terms for quintiles of nutrient intake, the potential effect modifier, and interaction terms between these variables. Effect modification among the antioxidant nutrients was explored in multivariable models, with total intake of the antioxidant nutrients modeled as continuous variables.
RESULTS
A total of 131 persons developed incident AD after a mean follow-up of 3.9 years (SD, 1.7; range, 0.4-6.9), for an overall incidence rate of 2.8% annually after adjustment for the stratified sampling design. Vitamin E supplements were consumed by 17.3% (n = 138) of the sample; vitamin C supplements, by 16.1% (n=141); and beta carotene supplements, by 4.3% (n=30) ( Table 1 ). For each of the antioxidant nutrients, persons in the upper quintiles of total intake (foods plus supplements) were more likely to be white, had more years of education on average, and had higher intake of other antioxidant nutrients than persons in the lowest quintiles (TABLE 2) . Persons with high food intake of vitamin E tended to be men and to have a higher intake of fat and beta carotene and lower intake of vitamin C, whereas persons with high food intake of vitamin C tended to be women and to have a lower intake of vitamin E and total fat. Persons in the lowest quintile of beta caro- by guest on January 10, 2010 www.jama.com Downloaded from tene intake were more likely than those in the upper quintiles to be black and have an APOE ⑀4 allele.
For total vitamin E intake, the ageadjusted RRs for incident AD were inverse for upper quintiles compared with the first quintile, but none was statistically significant, and there was no trend (P=.62) (TABLE 3). Further adjustment for race, sex, APOE ⑀4 status, and education reduced any apparent protective association. Vitamin E intake from foods had a statistically significant dose-response protective effect in the age-adjusted model (P for trend=.04). The risk for persons in the top fifth of intake was lower by 67% compared with that of persons in the lowest fifth of intake. After adjustment for other confounders in the multivariable model, the RR for the highest quintile was virtually unchanged at 0.30 (95% confidence interval [CI], 0.10-0.92; P=.04), and the test for linear trend across quintiles remained significant (P =.05). After adjustment for use of multivitamins and vitamin E supplements in the multivariable model, the RRs (95% CIs) for the second through fifth quintiles of intake Total vitamin C intake was not significantly associated with AD in age-or multivariable-adjusted models, and there was no evidence of a trend (Table  3 ). Vitamin C intake from foods appeared to have an inverse relationship with AD in the age-adjusted and multivariable models but was statistically significant in the fourth quintile only, and no dose-response relationship was seen. The RR in the fourth quintile remained statistically significant after further adjustment for total intake of vitamin E, vitamin A, and beta carotene (RR, 0.40; 95% CI, 0.19-0.85). The RRs for quintiles of vitamin C food intake did not change appreciably with adjustment for use of multivitamins, vitamin C supplements, and vitamin E supplements in the multivariable model. In that model, the RR of AD among persons who were taking a vitamin C supplement was 0.51 (95% CI, 0.23-1.12; P = .09). Overall, the findings for vitamin C were not statistically significant but remain suggestive enough to be of interest for further study.
The RRs for intake of beta carotene (total and from foods only) were inverse but not significantly associated with incident AD in both the ageadjusted and multivariable models ( Table 3 ). The inverse RRs became even less protective with further adjustment for total intake of vitamin E, vitamin C, and vitamin A in the multivariable model Adjustment for cardiovascularrelated conditions in the multivariable model did not appreciably change any of the RRs for total or food sources of the antioxidant nutrients. Relative risks for quintiles 2 through 5 for vitamin E intake from foods in the cardiovascular-adjusted model were 0.74 (95% CI, 0.25-2.22), 0.63 (95% CI, 0.26-1.50), 0.76 (95% CI, 0.28-2.06), and 0.30 (95% CI, 0.09-1.05), respectively. However, because we had found that participants in the top quintile of food intake for vitamin C were more likely than those in the lowest to report history of stroke (26% vs 8%) and hypertension (24% vs 19%), we considered that this quintile may have included persons who modified their diet to reduce their risk of stroke. Therefore, we repeated the analysis with the multivariable model after excluding persons in the fifth quintile who reported increasing their consumption of fruits and orange juice in the previous 10 years. In this model, the RRs from lowest to highest quintiles were 1.0, 0.53, 0.67, 0.40, and 0.51 (P for trend = .11). We also analyzed data among nonsmokers only. Among nonsmokers, the multiple-adjusted RRs for incident AD for quintiles 2 through 5 of vitamin E intake from foods were 0.51 (95% CI, 0.17-1.53), 0.49 (95% CI, 0.20-1.19), 0.38 (95% CI, 0.15-0.98), and 0.27 (95% CI, 0.08-0.86), respectively.
When we analyzed the data for modifications in the effects by age, sex, race, education, or APOE ⑀4 status, only that between the vitamin E association and APOE ⑀4 was statistically significant. Among persons who were APOE ⑀4 negative, vitamin E from foods showed a strong linear protective association with AD (TABLE 4) . There was no indication of an interaction between vitamin E and vitamin C from either foods or supplements.
The protective association between incident AD and vitamin E intake from foods remained in multivariable analyses that adjusted for the timing of the dietary assessment (RR, 0.32 for the fifth vs first quintiles; 95% CI, 0.11-0.92) and in analyses that excluded 96 persons with dietary assessments completed within the year before the clinical evaluations (RR, 0.33 for the fifth vs first quintiles; 95% CI, 0.11-1.02). In further analyses that controlled for baseline memory score in the multivariable model, the pairwise estimate did not change, but the CI crossed 1.00. The RRs for quintiles 2 to 5 were 0.75 (95% CI, 0.26-2.10), 0.59 (95% CI, 0.24-1.42), 0.75 (95% CI, 0.28-2.05), and 0.36 (95% CI, 0.11-1.17). *Relative risks are based on a multivariable logistic regression model, as described in Table 3 .
COMMENT
In this large biracial community study, intake of vitamin E from food was inversely associated with incident AD. There was no association with vitamin E supplement use. Vitamin C and beta carotene also had no statistically significant association with AD. The linear protective association of vitamin E was found only among persons who were APOE ⑀4 negative. The mechanisms of this potential interaction are unknown, but vitamin E is highly lipid soluble, and APOE is one of the major lipid transport proteins in the brain. 40 One possible explanation for the interaction is that the protective effect of vitamin E is insufficient to overcome the deleterious effects of APOE ⑀4 on the development of AD. In the CHAP study, presence of the APOE ⑀4 allele was associated with increased risk of AD among white participants but had no effect in blacks, a group that overall had a nonsignificant 80% increased risk of AD compared with whites (D. Evans, written communication, September 2001). The vitamin E association did not explain these differences by race. We found no modifications in the vitamin E association by race, and the racial difference in AD risk remained in models stratified by APOE status that included vitamin E intake.
The reduced magnitude of the vitamin E association after dietary fats and other antioxidant nutrients were controlled for suggests that some of the protective effect may be due to these other dietary constituents. Our findings of no association with total vitamin E intake must be interpreted with caution because of secular changes in the use of vitamin E supplements. Only 8.7% of the participants who completed the food frequency questionnaire in 1994 reported taking a vitamin E supplement as compared with 17.4% of those who completed the food frequency questionnaire in 1997. This fact calls into question whether the negative findings may be due to an insufficient period of use for protective benefit or due to persons taking a vitamin E supplement in response to problems with cognition. The negative findings for high vitamin C intake may have been confounded by dietary changes among persons diagnosed with vascular disease.
Few investigations have examined the association between food intake of antioxidant nutrients and the development of AD, although 2 prospective studies 23, 24 investigated the association with use of vitamin E and vitamin C supplements. In one of the studies, 24 use of the vitamin supplements was inversely associated with AD. In the other, vascular dementia was significantly less frequent among the vitamin-supplement users, but there was no association with AD. 23 One clinical trial investigated the effects of 2000 IU of vitamin E daily on the progression of AD. 41 The study found reduced occurrence of the combined outcome of mortality, institutionalization, decline in function, and severe dementia with vitamin E supplementation but was largely inconclusive about whether vitamin E altered the progression of AD. A few secondary prevention trials are in progress to examine the effect of vitamin E in persons with mild cognitive impairment (D. Bennett, oral communication, January 2002).
The finding of an association of vitamin E with reduced risk of AD is strengthened by the ability to control for many dietary and nondietary factors that could explain the association. Identifying study participants from a community population helped to minimize bias that can occur when only a select group of persons affected (or unaffected) by disease is studied. Misclassification of disease status was also minimized by the use of a uniform structured clinical evaluation for the diagnosis of AD. This study has limitations, however. The modest correlations between different dietary assessments of nutrient intake from foods likely reflect imprecise measurement of long-term dietary intake by each of the dietary assessment methods. Unreliable reporting or imprecise measurement, however, would tend to result in random misclassification of the dietary exposure and thus a greater likelihood of null associations as opposed to the observed protective association with vitamin E. In addition, dietary assessment occurred after baseline, which raises the possibility that the observed findings could be due to unreliable reporting or to poor overall diet or dietary changes among persons who developed AD. However, these alternative explanations appear unlikely for several reasons. First, the protective effect was observed only for dietary vitamin E and not for intake of other so-called healthy dietary components, vitamin C, beta carotene, and vitamin supplements. Further, the estimate of the vitamin E effect changed little after adjustment for baseline memory score (although the association was no longer significant) and timing of the dietary assessments and after exclusion of persons with dietary assessments within 1 year of the clinical evaluations. In addition, all analyses were based on energy-adjusted nutrient levels, so the findings refer to the composition of these nutrients in the diet as opposed to total absolute intake. Finally, we observed a protective association between vitamin E intake (total and from foods alone) and 3-year decline in cognitive function in the entire study community. 42 Although the findings for cognitive decline are not specific to AD, they reflect protection much earlier in the disease process. Taken together, these reports provide complementary evidence that vitamin E may protect against neurodegenerative decline. The findings are supported by numerous laboratory studies showing that oxidative processes may contribute to the development of AD 1, 2 and that vitamin E helps minimize the damaging effects of oxidative stress in the brain. 4, 7, 8, 12, 15 Evidence from clinical trials would be required for a definitive determination that dietary vitamin E protects against the development of AD.
